Colorectal carcinoma is one of the most common fatal malignancies worldwide. Recent studies have suggested a tight link between the onset of colorectal oncogenesis and inflammation. 1 In line with this notion, inflammatory conditions such as inflammatory bowel disease (IBD) and Crohn disease are associated with an increased risk of developing colorectal carcinomas. Although the molecular mechanisms underlying the transition from colitis to colorectal cancer are incompletely understood, it has been proposed that a series of pro-inflammatory cytokines produced by immune and nonimmune cells contributes to malignant transformation in the setting of chronic intestinal inflammation. 2 Granulocyte macrophage colonystimulating factor (GM-CSF) is a hematopoietic cytokine that promotes the differentiation of bone marrow precursors, mobilizes and stimulates the maturation of myeloid cells, and enhances immune responses. Accumulating evidence points to GM-CSF as a key regulator in inflammatory disorders, including IBD. Indeed, the levels of GM-CSF were found to be significantly elevated in the inflamed tissues of IBD patients as well as in rodents subjected to experimental colitis. 3 In line with this notion, the genetic ablation of GM-CSF increased the susceptibility of mice to dextran sulfate sodium (DSS)-induced colitis, as shown by clinical and histological parameters, allowing for an augmented production of pro-inflammatory cytokines. 4 Conversely, the administration of GM-CSF to DSSinstilled mice reduced the severity of colitis, a process that was associated with a hyperproliferation of the intestinal epithelium and mucosal healing. 5 However, the precise role of GM-CSF in the progression of colitis to colon cancer has long remained unclear. We addressed this issue in a recent study. 6 In particular, using a widely employed mouse model of colitisassociated colon cancer (CAC) based on the intraperitoneal administration of azoxymethane (AOM) followed by the repeated oral administration of DSS, we demonstrated that GM-CSF played a disease-promoting role in CAC. Indeed, blocking the activity of GM-CSF by specific neutralizing antibody virtually abrogated the development of CACs in response to AOM/DSS. 6 Colonic epithelial cells (CECs) turned out to constitute the major source of GM-CSF during the malignant transformation of the colonic epithelium. This finding is in line with previous results in murine model of colitis. 7 Intriguingly, we also found that the translocation of the commensal flora across the intestinal barrier was important for GM-CSF expression by CEC, as antibiotic treatments as well as the ablation of Toll-like receptor 4 (TLR4) considerably impaired this process.
We propose that GM-CSF promotes colorectal carcinogenesis through an immune system-independent pathway (Fig. 1) . Tumor-derived GM-CSF appeared indeed to drive the epithelial secretion of vascular endothelial growth factor (VEGF) via an autocrine and/or paracrine circuitry. VEGF is major mediator of neoangiogenesis in the course of tumor growth and metastatic dissemination. Furthermore, intestinal epithelial cells obtained from colorectal carcinoma patients and rodents with CAC not only manifested the activation of VEGF receptor 2 (VEGFR2), but also proliferated in response VEGF stimulation via a VEGFR2-and signal transducer and activator of transcription 3 (STAT3)-dependent pathway. 6, 8 In line with this notion, blocking GM-CSF with neutralizing antibodies reduced the proliferation of CECs and angiogenesis within neoplasia, resembled the phenotype of mice treated with anti-VEGF antibodies.
In conclusion, we uncovered the importance of the GM-CSF/VEGF signaling axis in colonic carcinogenesis. We also demonstrated that macrophages residing in the CAC microenvironment constituted another cellular source of GM-CSF and VEGF. Thus, the GM-CSF/VEGF axis may also be operational in macrophages, perhaps underlying a crosstalk between epithelial and immune cells that may be relevant for colorectal carcinogenesis. In the progression of colitis to colon cancer, GM-CSF may indeed mediate pro-tumor effects that depend on the immune system, as recently demonstrated by a study reporting that tumor-derived GM-CSF potently induces the development of immunosuppressive myeloid-derived suppressor cells (MDSCs). 9 We found that Gr-1 + MDSCs accumulated in the CAC microenvironment and that blocking GM-CSF dramatically inhibited this phenomenon. The immune system-(in particular MDSC-)dependent effects of GM-CSF on colorectal carcinogenesis are being actively investigated.
Of note, the exogenous administration of GM-CSF did not modify the growth of colorectal cancer cells, but significantly enhanced their invasive potential. This indicates that GM-CSF may play a pivotal role in promoting the metastatic dissemination of colorectal cancer. This hypothesis is supported by the observation that GM-CSF favors osteolytic bone metastases in rodent models of breast carcinoma by stimulating the development of osteoclasts. 10 Further studies on the relationship between GM-CSF and the metastatic dissemination of colorectal cancer are warranted.
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